approaches for designing semiconductors with tunable intramolecular and intermolecular interactions. 8, 9, 10, 11, 12 Isoindigo (IID) is a well-studied acceptor unit consisting of an electron-deficient symmetrical lactam core fused with a phenyl group, featuring strong electron-deficient and coplanarity properties. IID based conjugated polymers comprising an IID core and co-monomer alternating repeat units, have been intensively investigated for their application in OFETs and PSCs, since 2010. 13, 14 IID copolymers show high charge carrier mobility due in part to the strong intermolecular interactions associated with the offaxis dipole moment of the IID. Additionally, donor-acceptor conjugated copolymers based on IID core can be designed to exhibit low band gaps, and therefore can efficiently harvest photons from solar irradiation. In the early period of IID research, phenyl rings were selected due primarily to more straightforward synthesis. However, this phenyl group promotes a relatively large dihedral angle between the phenyl unit and copolymerized, which is not optimal for achieving effective intramolecular polymer conjugation and charge transport as well as somewhat suppressing the intermolecular interactions. 15 IID core modification has been subsequently explored through changing the choice of aromatic flanking groups with both energy level and polymer conformation tuning accordingly. 16, 17, 18 Alternative aromatic groups to phenyl have been recently reported, including both thiophene flanked isoindigo, 16 thieno[3,2-b] thiophene flanked isoindigo 17 and thieno [3,2-b] [1]benzothiophene isoindigo.
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The dihedral angle can be reduced and give a more planar backbone by using flankingthiophene rings.
These building blocks were incorporated into polymers in order to tune the polymer conformation, energy levels, absorption spectra and crystalline properties and therefore achieve efficient charge transport. Very recently we also reported the synthesis and promising charge transport behavior of an acceptor-acceptor (A-A) and a donor-acceptor (D-A) polymers containing an azaisoindigo (AIID) unit. 19 In this case, the steric effect could be alleviated from the neighbouring co-repeat units due to the 7-nitrogen atoms and the electron-deficient character of pyridine rings, the A-A polymer exhibits unipolar electron mobility as high as 1.0 cm mobility of PAIIDTT copolymers with side chain of 2-decyltetradecyl has also been reported to show good hole mobility. 20 These results have encouraged us to further explore AIID based copolymers, and extend this investigation to solar cell applications. Herein, two AIID copolymers with alternating bithiophene and terthiophene as comonomers have been designed and synthesized for application in organic electronic devices.
Scheme 1: Synthetic routes to PAIIDTT and PAIIDTTT: a) 5,5'-Bis(trimethylstannyl)-2,2'-bithiophene, Pd 2 (dba) 3 , P(o-tol) 3 , chlorobenzene, microwave, 85 %; b) 2-tributylstannylthiophene, Pd 2 (dba) 3 , P(o-tol) 3 , toluene, reflux, 84 %; c) NBS, CHCl 3 , 63 %; d) 2,5-bis(trimethylstannyl)thiophene, Pd 2 (dba) 3 , P(o-Tol) 3 , chlorobenzene, microwave, 92 %.
Synthesis and Characterization
The synthetic routes for the PAIIDTT and PAIIDTTT are shown in Scheme 1. The monomer 1 with 2-octyldodecyl side chain was prepared according to our previous paper. 19 Compound 2 was achieved via similar procedures while using 4-octyldodecyl alkyl chain with different branch point (Scheme 1). It is known that the branch point of the alkyl chain has a strong influence on the π-π stacking. 
Optical Properties
The UV-vis NIR absorption spectra of PAIIDTT and PAIIDTTT in CB solution and as cast films are shown in Figure 1a . Both polymers show two distinct features both in solution and in the solid state. The strong low energy band from 600-800 nm can be attributed to the intramolecular charge transfer between the electron deficient azaisodingo unit and the electron donating bithiophene and terthiophene, confirming the strong electron-withdrawing effect of the azaisoingido core. According to the DFT (ωB97X/6-31+G(d)) calculation results, the HOMO distributions are well delocalized along the polymer chains, in contrast, the LUMO distributions are mostly localized on the azaisoindigo core ( Figure 1b ). The dihedral angle between the azaisoingo and the neighboring thiophene repeat unit is almost planar. The absorption spectrum of PAIIDTT in solution shows a maximum peak at 741nm, and slightly broader absorption spectrum without significant change of the maximum peak ( max = 736 nm) in the solid state, indicating some degree of - stacking occurs in the thin films, which is beneficial for improving the charge transport of the resulting films. In comparison with PAIIDTT, PAIIDTTT shows slightly red shifted and broader absorption spectra both in solution profile and in the solid state also due to the additional thiophene ring. Similarly with PAIIDTT, the absorption profile of the thin film of PAIIDTTT is slightly broader than that of the solution profile. The onset of the absorption in the solid state is 795 nm and 816 nm, which corresponds to an optical band gap of approximately 1.6 and 1.5 eV for PAIIDTT and PAIIDTTT respectively, which are optimalfor PSCs. 21 The ionization potentials (IP) of the polymers as thin films spin cast from chlorobenzene solution were measured, using photoelectron spectroscopy in air (PESA), to be 5.36 eV for PAIIDTT and 5.21 eV for PAIIDTTT. The electron affinity (EA) estimated from the optical band gap to corresponding IPs were found 3.80 eV for PAIITT and 3.69 eV for PAIIDTTT (Table 1 ). The higher IP and EA for PAIIDTTT than that of PAIIDTT can be ascribed to the stronger electron donating character of the TTT unit than that of TT unit. e Estimated by the onset of the thin film absorption spectra (E g = 1240/  onset ). To study the semiconducting properties of the polymers, thin film OFET devices with a bottom gatebottom contact (BGBC) configuration based on the PAIIDTT and PAIIDTTT were fabricated to evaluate the charge transport characteristics of the azaisoindigo polymers. Both polymer films were thermally annealed. The mobility was calculated from the saturation regime. The semiconducting layers were deposited onto octadecyltrichlorosilane (OTS) modified SiO 2 /Si substrate. Polymer layers were spincasted from chloroform and 10 % o-DCB solutions with concentrations of 7 mg/ml for PAIIDTT and PAIIDTTT. The performance of both as-cast and thermally annealed films are shown in the Table 2 and   Table S1 . AFM images of the two polymers across the range of annealing temperatures are shown in Figure S5 and polymer shows a high efficiency of 6.14 %. These results show that the polarity of the charge transport properties and the photovoltaic performance of the conjugated polymers can be effectively tuned via changing the thiophene density along the backbones.
